The aim of this study was to evaluate myocardial changes in a short-haired guinea pig (Cavia porcellus L) after everyday use of energy drinks for 60 days. The experiments were carried out on 11 male guinea pigs, age of 2 months, with a mean weight of 220±0.2 g. The guinea pigs were randomly grouped into a control group of 5 guinea pigs and experimental group of 6. Experimental group guinea pigs were orally administered energy drinks 4 ml per day as a single oral dose. After the 60 days experiment, the quantitatively evaluated structures of myocardial interstitial collagen in the left ventricle using automated image analysis system, which was connected to Olympus BXx51 microscope. Assessment was performed with Image-Pro Plus 5.1 analysis system. We calculated volume and perimeter of the interstitial fibrillar collagen in the left ventricular myocardium, the number of separate fibers in the field of view were counted. In total, there was evaluated 100 fields of view in the control group and 120 fields of view in the experimental group. Statistical analysis was performed using statistical package SPSS Statistics 20 and Microsoft Excel. We used bifactorial analysis of variance (ANOVA) to compare histomorphometric parameters between the two groups. We assessed that the difference between parameters was up to 1% and the individual specific effect was counting for 50% (p < 0.05). Variation of the features was much larger within the experimental group, when compared to the control group. Maximum average values of the fibrillar collagen volume, perimeter and the number of separate fibers in the field of view were 1.2 times larger in the experimental group than in the control group. Repeated energy drink consumption acts as external factor stimulating adaptive remodeling processes. Quantative structural changes of fibrillar collagen in left ventricle of experimental group animals are reaction to a stress factor. Unbalanced changes of fibrillar collagen may determine inadequate remodeling and become a reason for pathogenesis.
Introduction
Energy drinks have gained worldwide popularity, especially among the youth, and their adoration is increasing as time progresses. This is illustrated clearly through a steady increase in industry sales globally and poised for further growth. The strong cultural consumption is a matter of great concern in developed countries, as the intake of these energy drinks leads to various outcomes and its heavy consumption has a significant detrimental effect on health [1] [2] [3] . Furthermore, numerous studies done recently have presented data indicating an epigenetic inheritance factor. This is synonymous with evidence also showing that elements of a diet may change the activity of genes expressed in both animals and humans. Epigenetic systems participate from protein synthesis and DNA replication before cell division to DNA repair. Through this direct influence, a person may alter his/ her genetic code's activity depending on lifestyle and living conditions [4] [5] [6] [7] [8] [9] .
The energy drink industry encompasses a broad spectrum of products ranging through their respective ingredients. However, all energy drinks include in their formulation a similar group of essential ingredients including caffeine, guaranine, carnitine, ginkgo (Ginkgo biloba L.), glucuronolactone, ginseng, inositol, taurine and B vitamins. The dosage quantity for a standard energy drink container is 150-300 ml.
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This equates to 48-96 mg of caffeine in a single dosage (32 mg/100 ml). The manufacturers indicate on the packaging the amount of caffeine directly incorporated within each drink. However, they fail to acknowledge the additional quantities of caffeine present within the other ingredients. Three other key ingredients found within a standard energy drink, Guarana (Paullinia cupana L.), Cacao (Theobroma cacao L.) and Yerba Mate (Ilex paraguariensis L.) extracts, all contain caffeine [10] [11] [12] . This indirect addition of caffeine results in higher doses per package than it is indicated on the nutritional label. The consequences of continuous caffeine intake are still not well-known, and there is scant research on the interaction energy drink ingredients will have on a living organism [13] .
Researchers have performed numerous studies evaluating psychological and physiological effects of caffeine on living organisms. These explored the changes in hemodynamic and electrocardiogram parameters. After the consumption of an energy drink, activation of the sympathetic and central nervous system arouses positive chronotropic and inotropic effects in the heart, subsequently increasing blood pressure. That is to say functional changes have occurred, showing the activity of the heart has intensified. Similarly, cardiac activity is intensified to address a higher workload following a period of strenuous physical exercise. Studies show that repeated workloads, which require great stamina, eventually determine histological changes in the myocardium [14] [15] . Frustaci and colleagues reported a study in which they claimed that 17% of athletes have fibrillar collagen changes in the myocardium (fibrosis). Subsequently, an inflammation of the myocardium and structural remodeling of collagen fibers results in the formation of proarrhythmic substrate and dysfunction of the myocardium [16] . Numerous cases have been recorded where expanded collagen networks were present in cases of a pressure overload (arterial hypertension), aortic valve insufficiency and other heart diseases [17, 18] . Further evidence backing the changes in the myocardial interstitium, namely its fibrillar collagen, continually support the degradation of cardiac mechanism, however experimental data from energy drink influence is minimal.
The aim of the study. To evaluate myocardial and quantitative structural changes in the main component of the interstitial intercellular matrix -fibrillar collagen -among short-haired guinea pigs following daily consumption of energy drinks over a period of 60 days.
Materials and Methods
The experiments were carried out on 11 short-haired male guinea pigs (Cavia porcellus L.) (age 60 days), with mean weight of 220±0.2 g. 6 short-haired guinea pigs were orally administered energy drink on a daily basis, once a day, for 60 days. The energy drink (4ml per day as a single oral dose) was given by squirting it into the guinea pig's mouth through a toothless side of the jaw and letting the guinea pig to swallow the drink. Daily dose of the energy drink was calculated in accordance with the maximum recommended daily caffeine intake for a human (a safe daily dose of caffeine is up to 340 mg per day according to the National Food and Veterinary Risk Assessment Institute in Lithuania).
Another 5 short-haired guinea pigs were included in a control group for direct comparison. The guinea pigs were euthanized using Dolethal which was injected in the abdominal cavity. The whole heart was fixed in 10% formalin and embedded in paraffin wax. Histological sections (histotopograms) were 4µm thick and stained using hematoxylin and eosin, Picro-Mallory Trichrome and Picro-Sirius Red staining techniques. Structures of interstitial collagen network were evaluated using an automated image analysis system which was connected to an Olympus BX51 microscope.
We estimated parameters of the fibrillar collagen network in the myocardium of the left ventricle by averaging the size across 20 fields of view (the field of view is at 400-times magnification, the size of the field of view is 143559µ
2 ) for every short-haired guinea pig. We evaluated the histotopograms by calculating both the volume and perimeter of the interstitial fibrillar collagen that was in the left ventricular myocardium. Furthermore, we counted the number of separate fibers in the field of view. The calculations were made using an Image-Pro Plus 5.1 analysis system. We evaluated the short-haired guinea pigs' collagen fibril network parameters by analyzing 100 fields of view in the control group and 120 fields of view in the experimental group altogether.
Statistical analysis
Statistical analysis was performed using the software package IBM SPSS Statistics 20.0 (SPSS Inc., Chicago, IL, USA) and the spreadsheet application MS Excel 2007. Differences in histomorphometric parameters between two groups were compared using the two-factor and nested design analysis of variance (ANOVA), evaluating the variances of morphometric parameters within a group and within every guinea pig separately. The difference is statistically significant only if the probability of error is less than 0.05 (p<0.05). Correlations among the parameters were obtained using a correlation and regression analysis.
Results
Short-haired guinea pigs that were included in the control (K) group and experimental (J) group gained 176.3 ± 0.1 g weight (body mass) on the average during 60 days period. Weights of the hearts (weighed after the performance of euthanasia) were similar in both groups: 1.4 ± 0.2 g average in the control group and 1.3 ± 0.2 g average in the experimental group.
Using the formula defined as weight of the heart divided by body mass (weight of the heart/body mass), we obtained that the hearts were not hypertrophied in either group. Average of the control group: weight of the heart/body mass = 0.0041. Average of the experimental group: weight of the heart/body mass = 0.0038.
Even eminently precise calculations of these parameters do not describe the existing cardiac changes in an explicit way. Moreover, there may be alternate changes identified after a cardiac event (a stroke, pressure and/or volume overload, etc.) which systemically does not change the mass and volume of the heart or ventricle.
We analyzed parameters of the left ventricular collagen fibril network within the experimental group (fibrillar collagen's volume, perimeter and the number of separate fibers in the field of view) and compared it with the parameters within the control group. There were small differences (up to 1%) among the groups which were not statistically significant. In both groups, correlative relationships between the same features were very strong (ranged from 0.79 to 0.97, p < 0.001), but they did not differ statistically significantly. We obtained that the individual effect is very large (counting for about 50%) (see Tab. 1).
Within each group, the parameters of the guinea pigs fibrillar collagen network differed from each other statistically significantly (p < 0.05).
We obtained that the averages did not differ within each group (see Tab. 2), but variation of the features was much greater (more than 10%) within the experimental group (see Tab. 3). The variation of all the features differed among the groups was statistically significantly (p < 0.05) (see Fig. 1 ). We compared the maximum average values of the parameters between the control group and the experimental group and we found that the volume (pct.), the number of collagen network bundles and the perimeter of the fibers were 1.2 times greater in the experimental group when compared to the control group, which was statistically significant. The minimum average values of the parameters were similar among the groups.
In evaluating the correlation between morphometric parameters, we identified certain characteristics across test subjects. After the performance of a regression analysis, we identified that a direct linear regression relationship best described the dependence between the features in both groups (all the correlations within both groups were statistically significant when p < 0.001). Left ventricular collagen network volume (pct.) and the number of bundles (K group -r=0.79; J group -r=0.86) correlated between both groups the weakest. Left ventricular collagen network perimeter and the number of bundles correlated the strongest (in both groups r=0.97).
The results of the regression analysis let us consider that if the number of fiber bundles increased on average by 1000, the volume of collagen averagely increases by 3.6% (see Fig.  2) ; if the volume of collagen increased by 1%, the perimeter on average would increase by 1906 mm/mm 2 in K group and by 2112 mm/mm 2 in J group (see Fig. 3 ); if the number of fiber bundles increased by 1000, the perimeter average would increase by 9331 mm/mm 2 in K group and by 9129 mm/mm 2 in J group (see Fig. 4 ).
Discussion
The cardiac muscle -myocardium -consists of cardiomyocytes that are bound together and supported by a con- nective tissue network which is composed of collagen fibers. Myocardial collagen fibers are consisted of type I, type II and type V fibrillar collagen. These types of collagen are synthesized by fibroblasts and account for about 90% of all the collagen within the heart [19] [20] [21] . Interstitial collagen networks support the architecture and the arrangement of the cardiomyocytes during the cardiac cycle and the improves force transferred to the ventricular chambers. When the cardiomyocytes contract, the energy accumulated in outstretched collagen fibers partakes in myocardial relaxation and filling of the ventricular chambers [22] . Renewal of the collagen network proceeds constantly. At usual conditions, only a small part of newly synthetized procollagen is required for the renewal of the collagen network, so the major part of it is rapidly decomposed [23] .
The collagen quantity within the intercellular matrix (IM), is maintained by the renin-angiotensin-aldosterone system (RAAS). The regulation of the IM structure, is controlled by both circulating angiotensin II and amounts found within the myocardium, endocardium and right atrium [24] [25] . It is known that angiotensin II stimulates synthesis of DNA and collagen in the culture of human fibroblasts. Angiotensin II molecules bind to AT 1 receptors which are present in fibroblast membrane and through this, activate factors which play the main role in the expression of genes responsible for IM proteins [26] . Desoxycorticosterone also stimulates collagen synthesis in the culture of fibroblasts. It is understood that a longterm action of angiotensin II determines the increase in the collagen concentration (development of fibrosis)
Increased sympathetic nervous system (SNS) activity is very significant in the promotion of structural remodeling of the collagen network [28] . This is due to a SNS induced activation of cytokine release [29] [30] [31] . Chronic adrenergic stimulation increases activity of the RAAS and subsequently determines cardiomyocytes hypertrophy and programmed cell death [32] . Despite these factors, myocardial remodeling is determined by oxidative stress [33, 34] .
An abundance of collagen in the heart occurs when its synthesis exceeds its deposition. It may be because of the increasing collagen synthesis, decreasing collagen deposition or a combination of the two. This process may appear with or without cardiomyocytes hypertrophy [35] [36] [37] . When the number of fibrillary collagen fibers increases, myocardial elasticity decreases. Proportions of the fibrillary collagen may vary across an organism as it ages, it's various pathological conditions or even if it consistently performs physical exercise at a high output, such as a professional athlete [38] [39] [40] .
In our study we wanted to find out if energy drinks may become an episodic external stimuli that provokes the remodeling of the collagen network in a consumer's myocardium. We tested this through daily administration in guinea pigs consuming a controlled, measured quantity. That is because caffeine and other bioactive substances which are included in an energy drink, affect a consumer's body diversely even without exceeding manufacturer's recommended dosage (a recommended dosage of caffeine is up to 300 mg caffeine per day, keeping in mind that such an amount is usually found in three cans of energy drink).
The most frequent consequences are related with cardiac contractility and function of the nervous system. It is well established that after consumption of energy drinks blood pressure increases by 5 -10 measure units, the heart beats 5 -7 times more frequent than usual [41, 42] , there may also be an prolongation of the QT interval, and cardiac arrhythmia. The sodium quantity in a regular sized vessel of an energy drink exceeds three times the daily recommended dose and according to USA scientists, may cause heart attack [43, 44] .
Caffeine is an analeptic substance included in a group of methylxanthines therefore it increases an intracellular concentration of calcium ions and cyclic adenosine monophosphate (cAMP). Consequently, after an energy drink intake it may produce positive cardiac inotropic and chronotropic effects [45] . Australian scientists claimed that if the concentration of glucuronolactone, which is included in the energy drinks, exceeds a safe upper daily limit, it may cause a heart attack. Furthermore, they found out that one can of the energy drink cause the contraction of blood vessels [46, 47] . The caffeine and other bioactive substances present have an influence on the adrenal glands causing the release of epinephrine, stimulation of sympathetic and central nervous systems. The bioactive substances included in the energy drinks not only increase the total concentration of caffeine, but also potentially extend the half-life of the caffeine [10] [11] [12] . Therefore, the energy drinks indirectly affect the myocardium and through many other physiological processes they impact on the heart's role as a mechanical pump. We can therefore assume that the ingredients included in the formulation of the energy drinks may activate some factors (mediators) of the remodeling process, for example, neurohumoral factors. After every energy drink consumed, the activity of the heart is intensified: the heart contracts more frequent, the force of the contraction augments, arterial blood pressure increases. It emaciates the heart as the heart needs to overcome arterial résistance. Because of this reason the heart is continuously burdened, it must adjust to the new conditions and maintain adequate activity.
Our study showed that there appeared to be slender quantitative structural changes in the fibrillary collagen in the left ventricular myocardium of the guinea pigs which were included in the experimental group and had been in taking the energy drinks on the daily basis for 60 days. The variation of features is more than 10% greater within the experimental group, which may be explained by diverse responses that are dependent on individual's physiological characteristics (genetic variability). The parameters measured within the experimental group (the number of separate fibers, perimeter and volume (pct.) of the collagen) were 1.2 times larger than within the control group. The remodeling of the fibrillary collagen network in the left ventricle of the guinea pigs from the experimental group is associated with consumption of the energy drinks and most likely is a physiological response to efficiently maintain the force required to fulfill the cardiac load. The augmentation in the collagen fibers volume (pct.) may also be associated with changes in hemodynamic load and an increase in myocardial contraction force. Similar processes are presented in elderly people -collagen fibers become more dense and thicker [48] . When the number of collagen fibers increases, the myocardium becomes less elastic, for example, an increase by 2 -3 times causes difficulty in the relaxation of the left ventricle. The increased number of collagen fibers may have a negative effect on the electrical stability [49] . Thus, gradual compensation for function of the ventricles may switch to decompensation due to developed pathological issues.
Norepinephrine, angiotensin II, aldosterone, peptide growth factors, free oxygen radicals and cytokines are causative factors (mediators) of remodeling and blastocyst activity. The results of our study showed there is a slender remodeling of the collagen network among the guinea pigs, which had been consuming the energy drinks daily for 60 days. Every time the guinea pigs consumed the energy drink, it became an episodic stimuli for remodeling. The remodeling of the left ventricular collagen network is adjusted to cardiac load and the remodeling of the fibrillary collagen has an impact on the heart activity. Therefore, there is a probability that a long-term consumption of the energy drinks may be associated with one or several known effects brought by the mediators that are responsible for the collagen remodeling and it may be associated with the untoward effects brought by unidentified factors (genetic, epigenetic). Structural remodeling of the heart collagen is an important precursor of cardiovascular diseases [50] [51] [52] [53] [54] .
Conclusion
The consumption of energy drinks engenders functional changes in an individual organism. Among the guinea pigs tested, these repeated long-term changes determined slender quantitative structural alterations in the left ventricular fibrillary collagen and were associated with an untoward effect of the remodeling factors. The long-term remodeling of the collagen fibers may cause morphological changes in the myocardium, developing a foundation for deteriorative heart function and ultimately a precursor for further cardiovascular disease.
